Late Magmatic and
Hydrothermal Processes
in Ore Formation

5

C.   WAYNE BURNHAM and HIROSHI OHMOTO

The Pennsylvania State University

INTRODUCTION

Probably most of the geologic and physical-chemical factors of
major importance in magmatic-hydrothermal ore-forming
processes are recognized. Few, however, are sufficiently well
understood to be properly integrated into sound conceptual
genetic models that constitute the basic framework for under-
standing the exceedingly complex interactions of these nu-
merous factors in processes of ore formation. The relatively
high level of understanding of ore formation in porphyry cop-
per-molybdenum deposits, for example, is largely responsible
for a correspondingly modest level of success in recent discov-
eries of new deposits, yet millions of dollars continue to be
spent annually in fruitless search for economic mineralization
in areas where present conceptual models indicate the exist-
ence of favorable targets for exploration. Thus, despite this
relatively high level of understanding, it apparently is not yet
adequate to yield reliable guides to ore.

The geologic and mineralogical features that are common to
virtually all porphyry copper deposits have been appropriately
characterized by Gustafson and Hunt (1975) as a basic theme,
a theme that is developed through orchestration of numerous

processes whose operation is essential to the formation of each
deposit. They also regarded the differences in geological and
mineralogical features, from one deposit to another, as varia-
tions on the basic theme, variations that may reflect operation
of additional processes or differing intensities of basic-theme
processes. Whether these variations are caused by one or the
other of these factors, they may or may not be critical to the
formation of ore in a given deposit.

The processes that constitute both the basic theme and the
variations on this theme, whether in a porphyry copper or other
magmatic-hydrothermal system, naturally fall into three groups
according to the environmental factors that dominate their con-
trol. The first group includes those processes that traditionally
have been referred to as orthomagmatic processes; it is enlarged
here to include some highly important processes by which
hydrous, metal-bearing magmas are generated from different
kinds of source rocks in different tectonic regimes, as well as
the more commonly considered processes of magma emplace-
ment and solidification. These orthomagmatic processes and
the factors that control them have been historically more the
province of igneous petrologists than of students of ore deposits.
Thus, although many of the processes are moderately well
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